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STRUCTURE AND METHOD FOR PROCESSING OPTICAL ENERGY 
FIELD OF THE INVENTION 

5 

The present invention relates to the field of optics and 
particularly to the field of processing optical energy. 

BACKGROUND OF THE INVENTION 

10 

Sub-wavelength metal particles exhibit strong optical 
resonance due to the excitation of a localized plasma 
resonance in the particle. These resonances are associated 
with enhanced electromagnetic fields inside and adjacent the 

15 particle. These enhanced fields can be used to enhance 

optical processes in materials and molecules that are placed 
adjacent these particles. Examples of such optical processes 
include Raman scattering and second-harmonic generation as 
well as other optical processes whose strength depends on the 

20 size of the electric field at the species being excited or 

probed. These local field enhanced effects are well known in 
the art . 

Although sub -wavelength sized particles have been found 
to have strong optical resonance properties, the local field 
25 enhanced effects have been under utilized because the enhanced 
field generated with sub-wavelength sized particles cannot be 
practically utilized. 

SUMMARY OF THE INVENTION 

30 

What has unexpectedly been found is that sub-wavelength 
sized voids in a metal will exhibit localized plasma 
resonances and that sub-wavelength sized voids in a metal can 
be used to enhance emission and absorption of optical energy. 
3 5 Furthermore, it has been found that by employing the voids in 
an ordered array a cooperative effect between the voids can be 
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obtained. The properties of sub-wavelength voids and the 
order arrays thereof can be used to enhance various optical 
processes and to create novel lasing devices and LED devices. 
As such, the present invention is directed to an optical 
5 structure and method for processing optical energy comprising 
a metal layer having an upper surface and a lower surface, one 
or more of said surfaces having a plurality of voids, said 
voids preferably having a dimension less then the wavelength 
of optical energy being processed. The optical structure can 
10 be used to form a variety of devices including, but not 

limited to, a laser, an LED, a wavelength converter, a sensor 
and/or a switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The following drawings, in which like reference 

characters represent like parts, are intended to illustrate 
the invention without limiting it in any manner whatsoever, 
wherein : 

20 FIG 1. is a schematic representation of field lines in a 
sphere . 

FIG. 2 is a graph of an electric field profile formed by 
optical emission from a phase matched pattern array of voids 
25 in that metal surface. 

FIG. 3. is a partial perspective representation of a local 
field enhanced surface emitting plasmon laser. 

30 FIG. 4 is a partial perspective representation of a surface 
plasmon scattering laser. 
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FIG. 5 is a cross sectional representation of a surface 
plasmon hole scattering laser. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 

Various forms of optical energy and electrical energy 
commonly used, in optical processing, can be used with this 
invention. However, in the preferred embodiment of the 
invention, optical light of wavelength between 300nm and lO^m 
10 is presented for discussion. 

The present invention provides enhanced optical effects 
by utilizing a metal layer having plurality of sub -wave length 
sized voids on at least one surface thereof. Although the 
metal layer could be used alone, it is preferably used on a 
15 non-absorbing support. The metal layer is used to alter the 
optical resonance properties due to the excitation of the 
localized plasma resonance. The effects and application of 
the use of the sub-wavelength voids are explained below. 

2 0 A. OPTICAL SIGNAL ENHANCEMENT USING LOCAL FIELD RESONANCE 

For a sub-wavelength sized sphere of dielectric constant 
(El) surrounded by a material of dielectric constant (E2) , the 
polarlizability (P) of the sphere in a uniform electric field 
can be determined by a simple electrostatic calculation 

25 to be: 

El - E2 
p ^ ^ 

El + 2 E2 

30 

(Retardation effects can be neglected because of the small 
size of the sphere.) 

For a metal surrounded by air, the formula becomes: 

35 
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P oL 


E metal ~ 1 
E metal + 2 


5 And the condition for resonance: 

Emetal = -2 

Which is satisfied in the visible spectrum for noble metals 
10 such as silver and gold. In the case of a spherical void in a 
layer of metal the equation becomes: 

1 ~ Ejnetal 

P ot ~ 

1+2 Enietal 

15 

This produces a slightly different condition for resonance: 

Emetal = -l/2 

2 0 In a resonantly excited metal particle, the enhanced 

fields are peaked at the surface of the particle, and die off 
rather rapidly from the particle. Thus, surface enhanced 
optical effects can typically be applied only to molecules 
adsorbed onto the surface of the particle. 
25 More particularly, in the case of a dielectric sphere 

immersed in a uniform electrical field, field lines as 
calculated by electrostatics are much less densely spaced as 
one moves away from the sphere. This is a near field dipole 
effect and the fall off is thought to proceed as l/r^. Inside 

3 0 the sphere, however, the field lines are straight and the 

electric field inside the sphere is uniform. See Figure 1. 
For the case of a metal nano-part icle , the field inside the 
metal is not of much interest since materials cannot be placed 
inside of the metal, and any intrinsic nonlinearities in the 
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metal have to compete with the strong absorption in the metal 
at optical frequencies. 

In contrast to sub -wave length sized metal particles, 
sub -wave length sized voids do not have this disadvantage. In 
5 the case of a resonantly excited void, as presently disclosed, 
strongly peaked fields exist within the entire volume of the 
void. As such a void can be filled with a non-linear material 
that has no absorption and all of the material of the void 
will experience the enhanced electrical fields. Accordingly, 

10 the degree of potential enhancement is enormous compared to 
the case of the nano-particle . 

Since the void itself is surrounded by metal it is 
difficult to determine the incident optical energy to the void 
in the first place. It has previously been believed that 

15 incident optical energy would have to travel through the layer 
of metal and that the metal would absorb the optical energy. 
However, experiments have suggested that the problem of the 
absorption of optical energy by metal can be avoided. Ebbensen 
et al . "Extraordinary Optical Transmission Through Sub- 

20 wavelength Hole Arrays, Nature 391, 667 (1998). Ebbesen et al . 
describes experiments in which a square array of 150 nm holes 
were placed in 2 00nm thick layer of silver. It was found that 
transmission of light through this structure was larger than 
expected. 

2 5 According to diffraction theory, a sub -wavelength sized 

hole will not transmit light very effectively. However, the 
measured transmission efficiencies are of an order unity, 
whereby efficiency is defined as the ratio of fractional 
transmission to areal fraction of the holes. The propagating 

3 0 surface plasmon (SP) was associated with the higher than 

expected transmission of optical energy. 

What appears to happen in these structures is that the 
propagating SP on the 200nm thick silver film strongly couples 
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to the propagating SP on the other side of the film. This is 
surprising because the thickness of the film is many times that 
of the thickness of the skin depth. 

In the present invention, it is most preferred that the 
5 voids on the metal layer extend from an upper surface to a lower 
surface of the metal layer. When such holes in the metal layer 
are used, the holes are preferably cylinders. For an infinite 
cylinder in a uniform electric field, the equation for the 
polarizability of the electrostatic limit is: 

10 

1 - EMetal 
p 

1 + Eixietal 

15 Therefore, whether we have a metal cylinder in air or an air 
cylinder in metal, the condition for resonance is simply 

Eraetal = ~ 1 

20 Of course, the cylinders in this case are not infinite, 

and one might expect some alteration for the above equation 
for the case of a finite cylinder. However, the physical 
principle behind the localized plasma resonances appears to 
apply. It is clear that the fields inside these holes must be 

2 5 very strongly enhanced based on the fact that such strong 
transmission occurs through such tiny holes. Accordingly, if 
the holes are filled with a non-linear material there is 
potential for strong enhancement of the non-linearity. 

The use of voids in metals is also relevant to the surface 

30 enhanced Raman scattering effect (SERS) effect. There is an 
important difference in local field effects depending on whether 
the excited material is adjacent a concave or a convex metal 
surface. At a convex metal surface, like a metal nanoparticle , 
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the field lines diverge rapidly and the field drops off rather 
quickly (see Figure 1 hereto) . At a concave surface, by 
contrast, the field will not drop off nearly so quickly and may 
stay constant or enhanced from a lensing effect. This is seen 
5 in a field of a dielectric sphere immersed in a uniform electric 
field, where the field inside the sphere is constant. 

B. OPTICAL SIGNAL ENHANCEMENT WITH ORDERED ARRAYS OF VOIDS 

10 The strong enhancement displayed by these holes may 

be due to localized plasma resonances exhibiting a resonance 
effect that peaks near one particular wavelength and has a 
limited width (say 50 nanometers or so) . It has been found, 
however, that there are several peaks in the transmission 

15 distributed over may hundreds of nanometers. It has been shown 
that a layer of metal nano-particles placed adjacent to a 
surface supporting a propagating surface mode will have its 
resonance properties dramatically altered by the interaction 
with the propagating mode. Stuart and Hall, Phys . Rev. Lett. 

20 80, 5663 (1998). This interaction can broaden the resonance to 
many hundreds of nanometers, demonstrating strong cooperative 
interaction between nanoparticles , mediated by the propagating 
SP's on the metal surfaces. The same effect can be applied to a 
layer of voids in a metal surface, and represents a second 

25 method for enhancing optical processes within the structure. 

One example of where this effect can be applied is 
for nonlinear frequency conversion (for example, second harmonic 
generation SHG) . If we place a material inside of the voids 
that has a second order nonlinearity, the dipole resonance in 

30 the cylinder will scatter light into two components: (1) the 
fundamental and (2) a small fraction of frequency- doubled light. 
This scattered light will strongly couple to the propagating SPs 
on one or both sides of the surface of the metal . The 
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propagating light will then continue to interact with other 
voids spaced throughout the metal layer. If these voids are 
placed in a regular periodic array, a phase -matching effect is 
produced at certain wavelengths and the second harmonic signal 
5 will build up during this propagation. This optical energy will 
eventually be coupled out of the system by the same scattering 
resonances in the voids, with the periodicity of the void array 
producing emission into specific output directions. In this 
manner, the localized field enhancements inside the voids are 

10 not used in a simple "single scattering event" manner, but 
rather benefit from the propagation and phase -matching effects 
due to the coupling between the localized resonances and the 
propagating surface modes. This method is a modified form of 
quasi -phase matching. Fejer et al . , IEEE J. Quant. Elec. 28, 

15 2631-2654 (1992) . 

Ordered arrays of voids can also be used to create 
laser devices. By properly selecting the geometry of the void 
pattern and the spacing of the voids, the lasing wavelength and 
modal characteristics of the devices can be controlled. For a 

2 0 particular spacing of the voids lasing will be favored for 
wavelengths which are phased matched to the void spacing. This 
is because the emitted fields will tend to build up at the void 
locations under phase-matched conditions. The electric field 
profile expected for a linear array of holes emitting in phase 

25 under phase matched conditions is shown in Figure 2. 

The arrangement of the voids is important in the control 
of the optical enhancement. The fields are very strongly 
enhanced at the void locations. This is important as the metal 
layer will provide some absorption of the propagating surface 

30 modes. For wavelengths that are not phase matched there will 
not be this strong multi void cooperative field enhancement and 
absorption of the metal will likely prevent lasing. The 
geometry of the 2 -dimensional void pattern is important, wherein 


the individual void will emit 2 -dimensional circular waves and 
optimal phase matching in as much of the 2 -dimensional space as 
possible is preferred. 

Although various patterns of ordered arrays can be used, 
5 triangular array patterns which have 2 -dimensional symmetry have 
been found to be preferred in order to obtain optimal phase 
matching. Triangular arrays have been proven to be useful for 
2-D photonic bandgap (PBG) structures, and would be useful here. 
Krauss and De La Rue, Prog. Quant. Elect. 23, 51-96 (1999) . 

10 However, this structure is not a PBG structure because in a PBG 
structure the active material is located throughout the device 
and the holes provide an index variation that is used to 
suppress emission in particular directions at particular 
wavelengths. Here, the emitters, i.e. voids, form the 

15 periodicity, and the periodicity is designed to enhance the 
emission at certain wavelengths. In addition, this structure is 
more tolerant to defects than PBG structures. This structure 
would also be easier to fabricate that PBG structures, as the 
void spacing does not have to be as close together as in PGB 

2 0 structures. 

Typically, a spacing of wavelength/neff , the effective 
wavelength of the plasmon mode, is preferable. This is close to 
the actual free space wavelength as is typical of the surface 
plasmon mode. In contrast, for a first order PGB structure, a 
25 spacing of wavelength/2neff will be required and these structures 
are made in semi-conductors with neff about 3.5. Therefore, an 
emission of 1.5 microns, a spacing close to 1.5 microns will be 
sufficient in the present invention. In contrast, a first order 
PBG structure at this wavelength, a spacing of 0.21 microns is 

3 0 required. 

A small portion of the emission from the voids will couple 
out of the device into radiation modes. The phase matching 
condition that creates the lasing wavelength will also cause 
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this wavelength to couple out of the device at normal incidence. 
Thus, this structure will be suitable for a surface emitting 
device . 


5 C. APPLICATIONS OF THE INVENTION 

The potential applications for this invention are numerous 
including novel and improved lasing devices and LED's. The 
general design of such devices would include a substrate layer 
constructed out of silicon, glass, quartz or any other non- 
10 absorbing medium that provides structural support as is well 
known in the art . 

A metal layer is preferably placed on the substrate layer. 
The metal can be made out of silver, gold, or any other suitable 
metal as is or will become known. Preferably, silver is used in 
15 the metal layer. The metal layer preferably has an upper 
surface, and a lower surface wherein at least one of the upper 
and/or lower surface contains a plurality of voids. 

The voids can be formed in the shape of concave 
indentations on one or more surface of the metal layer or the 
2 0 void may be in the form of apertures extending through the metal 
layer from the upper to the lower surface. When apertures 
extending through the metal layer are used, the apertures are 
preferably in the shape of cylinders, although any other shape 
that is suitable to enhancing transmission of optical or 

2 5 electrical energy may be used. 

The size of the void can be from about lOnm to about 1 
micron, i.e., less than the wavelength of the optical energy 
used therewith. In any event, the wavelength of the optical 
energy is significant wherein the size of the voids preferably 

3 0 relates to the wavelength of the optical energy used with the 

device . 

The voids are preferably configured in an ordered array so 
as to enhance emission and absorption. By choosing the geometry 
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of the pattern and spacing of the voids lasing wavelength and 
modal characteristics of a device can be controlled. Voids are 
generally spaced in symmetrical patterns, with a triangular 
pattern being preferred. The spacing in between the voids can 
5 vary with from about 3^ to about 3 wavelengths being preferred 
and a spacing of about 1 wavelength being most preferred. 

Gain material, alternatively referred to as active 
material which is well known in the art, may be placed adjacent 
the voids or inside the voids, either wholly or partly filling 
10 the voids, depending on the configuration of the device. In the 
case of a local field enhanced surface emitting plasmon laser, 
the gain material is placed inside the voids. 

In the case of a surface plasmon hole scattering laser, 
the gain material is placed adjacent the voids, between the 
15 metal layer and the substrate and/or on the top of the metal 
layer. Alternatively, more than one gain layer can be used. 

Optical energy is guided by the SP ' s on both sides of the 
metal layer, thereby functioning as a waveguide. Optionally, 
the gain layer could also be a waveguide. However use of the 

2 0 gain layer as a waveguide is not required and not preferred in 

the operation of this invention in one mode wherein it may be 
detrimental to the operation of the structure. It is preferred 
to have one mode, i.e. the SP mode, act as the guiding 
mechanism. Most of the emission in the gain layer will couple 
25 directly into the SP. 

The laser cavity is formed by the voids acting as 
scatterers. Lasing action in three dimensional random 

scattering media has been previously observed. Lawandy et al . , 
Nature 368, 436-438 (1994) . The structure described in the 

3 0 present invention offers a distinct advantage due to the fact 

that this invention has an ordered array as opposed to a random 
array. By placing the scatterers (voids) in an ordered array, 
the properties of emission can be controlled and the cavity 
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effects can be enhanced. This is because higher Q (quality 
factor) cavities would be expected from ordered arrays of 
scatterers (voids) as opposed to random arrays of scatterers 
(voids) . The strong coupling of the emission to the propagating 
5 SP mode keeps a large portion of the energy confined to the 
structure, which aids in producing cavity effects. Also, the 
emission will be out of the surface in a manner similar to that 
described above . The spacing of the holes can be >4 to 3 
wavelengths with 1 to 3 wavelengths being preferred. 

10 This structure is different from a local field enhanced 

surface emitting plasmon laser. The emitters are distributed 
continuously throughout the device, and it is only scattering 
that forms the cavity effects. It is expected that there will be 
less field enhancement in this device, but there will be more 

15 gain per propagation length of the SP. This structure is 
expected to lase or function as an LED. 

The enhanced absorption and/or emission of optical energy 
using the devices of this invention leads to lower thresholds 
for lasing. Because such a large fraction of the spontaneous 

2 0 emission will be coupled into the cavity modes that form the 
lasing structure, it will lower the lasing threshold and lead to 
good signal to noise ratios. The strict phase matching 
conditions and the absorption of the plasmon load could lead to 
single mode devices. Such devices can have a large emitting 

2 5 region with only a small fraction of that area actually 

consisting of active material leading to good high speed 
performance 

The strongly enhanced emission made possible by use of the 
voids can make it possible to make a lasing structure which 

3 0 works with a small amount of active material. Simply varying 

the period of the voids can modulate the output wavelength. 
This could allow one to easily fabricate arrays of layers with 
different wavelengths on a single substrate. 
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Also, for the case of optical pumping, absorption as 
opposed to emission can also be strongly enhanced by the 
localized plasma resonance, which would likely result in lower 
thresholds for optically pumped devices. 

5 

PREFERRED EMBODIMENT OF THE INVENTION 

LOCAL FIELD ENHANCED SURFACE EMITTING PLASMON LASER 

A lasing structure employing local field enhancement of 

10 optical energy made using the present invention is shown in 
Figure 3. The structure consists of a substrate 10, metal layer 
12 with voids 14 therethrough placed on top of the substrate 10 
and an active material 16 filling the voids 14. 

The metal layer 12 is made of silver and is about 2 0 0nm 

15 thick. The voids 14 are cylindrical in shape and have a 
diameter of about 150nm. Active material 16 is placed inside 
the voids 14, filling the voids 14 completely. The voids 14 
are arranged in a triangular manner spaced at about 1 micron 
from one another . 

2 0 In operation, optical energy or some other suitable signal 

is incident on the structure 10. The active material 16 
achieves a population inversion and begins emitting optical 
energy, strongly enhanced by the local plasma resonances in the 
voids 14 and the strong coupling with the propagating SP's at 

25 the top and bottom surfaces of the metal layer 12. A large 
fraction of the light is coupled directly into the propagating 
surface plasmon modes supported by the metal layer 12 . The 
optical energy propagates and can induce further stimulated 
emission in the neighboring voids 14 . 

30 

SURFACE PLASMON HOLE SCATTERING LASER 

Another embodiment of a structure using sub -wavelength 
sized hole arrays in a layer of metal can be constructed as 
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follows and as shown in Figure 4 . A gain layer 18 of from about 
10 nm to 3 fj.m thick is placed on top of a substrate layer 10. A 
silver metal layer 12 about 2 0 0nTn thick is placed on top of the 
gain layer 18 . A second gain layer 18 can also be placed on top 
5 of the metal layer 12 . The metal layer 12 includes a plurality 
of voids 14 comprising cylindrical holes spaced in a triangular 
pattern extending from a top surface to a bottom surface of the 
metal layer 12. The voids 14 are about IBOnm holes with a 
distance of about 150nm between adjacent voids. 

10 In operation, optical energy is directed onto the surface 

of the metal layer 12 containing voids. This scattered light 
strongly couples to the propagating SP's on each side of the 
surface of the metal layer 12. The propagating light will 
then continue to interact with the gain medium, generating 

15 laser action. 

Figure 5 shows a SP in the gain layer 18 and the upper 
surface of the metal layer 12. A surface plasmon 20 is shown 
above and beneath the metal layer 12 . 

Various embodiments derived from the above description 

2 0 will be apparent to hose skilled in the art, including 
modifications based on the above. All such variations and 
modifications are intended to fall within the spirit and scope 
of the present structure limited solely by the appended 
claims. All publications referred to herein are incorporated 

2 5 by reference. 
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Claims : 

1 ./An optical structure for processing optical energy 

comprising a metal layer having a first surface comprising 
a plurality of voids having a dimension less that the 
5 wavelength of optical energy being processed. 

2 . The structure of Claim 1 wherein said voids are concave and 
indentations . 

10 3. The structure of Claim 1 wherein said voids extend from the 
first surface to a second surface of said metal layer. 

4. The structure of Claim 3 wherein said voids are cylindrical 
holes passing through said metal layer. 

15 

5. The structure of Claim 4 wherein said voids have a 
diameter of from about lOnm to about 1 micron. 

6. The structure of Claim 1 wherein said voids are arranged in 
2 0 an ordered array. 

7. The structure of claim 6 wherein said voids are arranged in 
a triangular array. 

2 5 8. The structure of Claim 7 wherein said voids arranged in an 
ordered array produce a phase matched effect . 

9. The structure of Claim 1 wherein said metal layer is 
greater than 50nm thick. 

30 

10. The structure of Claim 1 wherein an active material placed 
adjacent the voids. 
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. The structure of Claim 1 wherein an active material is 
placed inside said voids. 


12. The structure of Claim 1 wherein said gain layer is placed 
5 on top of said metal layer. 

13 . The structure of Claim 1 further comprising one or more 
gain layers placed between a substrate and said metal 
layer . 

10 

14. The structure of Claim 1 wherein a non-linear material is 
placed adjacent the voids. 

15. The structure of Claim 1 wherein a non-linear material is 
15 placed at least partially in the voids. 

16. The structure of Claim 15 wherein the non-linear material 
fills the voids. 

20 17. The structure of Claim 1 which is in the form of a laser, 
an LED, a wavelength converter, a sensor or a switch. 

^Q. . A method for optical processes comprising directing 

optical energy at a first surface of a metal layer, said 

2 5 surface comprising one or more voids having a dimension 

less than the wavelength of the optical energy being 
processed . 

19. The method of Claim 18 wherein the voids are formed in the 

3 0 first surface of the metal layer in an ordered array. 

20. The method of Claim 18 wherein the voids are filled with a 
gain material . 


21. The method of claim 18 wherein the gain material is 
placed adjacent the voids. 

5 22. The method of Claim 18 using a gain layer placed in 
between a substrate layer and a metal layer. 

23. The method of Claim 18 wherein the voids are filled with a 
non-linear material. 


24. The method of claim 18 wherein the non-linear material is 
placed adjacent the voids. 

25. The method of Claim 18 using a non-linear material placed 


26. The method of Claim 18 further comprising optical pumping. 

27. The method of Claim 18 further comprising phase matching 


10 


15 


in between a substrate layer and a metal layer. 


20 


to form optical second harmonic generation. 



A laser comprising a metal layer having first surface 
comprising a plurality of voids ^ said voids having a 
dimension less then the wavelength of optical energy being 
processed . 


25 



An LED structure comprising a metal layer having a first 
surface comprising a plurality of voids, said voids having 
a dimension less then the wavelength of optical energy 


30 


being processed. 
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ABSTRACT OF THE INVENTION 


A structure and method for enhancing optical emission and 
5 optical energy comprising a metal having an first surface 

comprising a plurality of voids, said voids having a dimension 
less then the wavelength of optical energy being processed. 
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John M. Harman (Reg. No. 38173) 

Matthew J. Hodulik (Reg. No. 36164) 
Michael B. Johannesen (Reg. No. 35557) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 

John B. Maclntyre (Reg. No. 41 1 70) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 31864) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 39010) 

Ferdinand M. Romano (Reg. No. 32752) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Ozer M. N. Teitelbaum (Reg. No. 36698) 

John P. Veschi (Reg. No. 39058) 
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David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eli Weiss 


(Reg. No. 29355) 
(Reg. No. 27407) 
(Reg. No. 36304) 
(Reg. No. 17765) 


I hereby appoint the attorney(s) on ATTACHMENT A as associate attorney(s) 
in the aforementioned application, with full power solely to prosecute said 
application, to make alterations and amendments therein, to receive the patent, and 
to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application. No other powers are granted to such associate 
attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 


Full name of sole inveptor (or 1 st joint inventor): Howard Roy Stuart 

Date 


Inventor's 
signature_ 


Residence: 68 Wallace Street, Red Bank, NJ 07701 
Citizenship: United States of America 
Post Office Address: Same as above 
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ATTACHMENT A 


Attorney Name(s): Kenneth F. Florek. Esq. Reg. No.: 33.173 


Telephone calls should be made to Kenneth F. Florek, Esq., HEDMAN, GIBSON & 
COSTIGAN, P.C. at: 

Phone No.: (212) 302-8989 
Fax No.: (212) 302-8998 


All written communications are to be addressed to: 


Kenneth F. Florek, Esq. 
HEDMAN, GIBSON & COSTIGAN. P.C. 
1 185 Avenue of the Americas 
New York, NY 10036 
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